
Antiviral Effect, Safety, and Pharmacokinetics of Five-Day Oral
Administration of Deleobuvir (BI 207127), an Investigational
Hepatitis C Virus RNA Polymerase Inhibitor, in Patients with
Chronic Hepatitis C

Dominique Larrey,a Ansgar W. Lohse,b Christian Trepo,c Jean-Pierre Bronowicki,d Keikawus Arastéh,e Marc Bourlière,f

Jose Luis Calleja,g Jerry O. Stern,h Gerhard Nehmiz,i Nasri Abdallah,j Kristi L. Berger,k Martin Marquis,k Jürgen Steffgen,i

George Kukolj,k for the BI 207127 Study Group

Département d’Hépato-Gastroentérologie, Hôpital Saint Eloi, Montpellier, Francea; Universitätsklinikum Hamburg-Eppendorf, Hamburg, Germanyb; Internal Medicine
Department and Hepato-Gastroenterology Department, Hospices Civils de Lyon, Lyon, Francec; INSERM 954 Centre Hospitalier Universitaire de Nancy, Université de
Lorraine, Nancy, Franced; Epimed GmbH, Berlin, Germanye; Department of Hepato-Gastroenterology, Hôpital Saint Joseph, Marseille, Francef; Department of
Gastroenterology and Hepatology, Hospital Puerta de Hierro, Madrid, Spaing; Boehringer Ingelheim Pharmaceuticals, Ridgefield, Connecticut, USAh; Boehringer Ingelheim
Pharma GmbH & Co, Biberach an der Riss, Germanyi; Boehringer Ingelheim France S.A.S., Reims, Francej; Boehringer Ingelheim (Canada) Limited, Laval, Quebec, Canadak

Deleobuvir (BI 207127) is an investigational oral nonnucleoside inhibitor of hepatitis C virus (HCV) NS5B RNA polymerase. Antiviral
activity, virology, pharmacokinetics, and safety were assessed in HCV genotype 1-infected patients receiving 5 days’ deleobuvir mono-
therapy. In this double-blind phase 1b study, treatment-naive (TN; n � 15) and treatment-experienced (TE; n � 45) patients without
cirrhosis received placebo or deleobuvir at 100, 200, 400, 800, or 1,200 mg every 8 h (q8h) for 5 days. Patients with cirrhosis (n � 13)
received deleobuvir at 400 or 600 mg q8h for 5 days. Virologic analyses included NS5B genotyping and phenotyping of individual iso-
lates. At day 5, patients without cirrhosis had dose-dependent median HCV RNA reductions of up to 3.8 log10 (with no placebo re-
sponse); patients with cirrhosis had median HCV RNA reductions of approximately 3.0 log10. Three patients discontinued due to ad-
verse events (AEs). The most common AEs were gastrointestinal, nervous system, and skin/cutaneous tissue disorders. Plasma
exposure of deleobuvir was supraproportional at doses > 400 mg q8h and approximately 2-fold higher in patients with cirrhosis than
in patients without cirrhosis. No virologic breakthrough was observed. NS5B substitutions associated with deleobuvir resistance in
vitro were detected in 9/59 patients; seven encoded P495 substitutions, including P495L, which conferred 120- to 310-fold-decreased
sensitivity to deleobuvir. P495 variants did not persist in follow-up without selective drug pressure. Deleobuvir monotherapy was gen-
erally well tolerated and demonstrated dose-dependent antiviral activity against HCV genotype 1 over 5 days.

The current standard of care for chronic hepatitis C virus
(HCV) genotype 1 (GT1) infection involves triple combina-

tion therapy with a direct-acting antiviral (DAA) agent plus pegy-
lated interferon alfa (IFN-�) and ribavirin (PegIFN-RBV) (1, 2).
DAAs currently approved for the treatment of HCV GT1 are the
NS3/4A protease inhibitors (PIs) telaprevir (3, 4) and boceprevir
(5, 6). Either drug, combined with PegIFN-RBV, produces sus-
tained virologic response rates significantly greater than those
seen with PegIFN-RBV alone in treatment-naive (TN) and treat-
ment-experienced (TE) patients (1, 7–13). However, telaprevir
and boceprevir are associated with various side effects (7–13),
which add to the adverse-effect burden of RBV (anemia) and Peg-
IFN (fatigue, flu-like symptoms, rash, neuropsychiatric impair-
ment, and hemotoxicity) (14). Furthermore, the parenteral ad-
ministration of PegIFN can be inconvenient and unacceptable to
some patients. For patients who are IFN intolerant or for whom
IFN is contraindicated, there is currently no alternative approved
treatment.

IFN-free treatment may be a future option for patients with
HCV GT1. This is likely to involve the combination of PIs with
other antiviral agents because trials of PI monotherapy have
shown high rates of treatment failure and the emergence of resis-
tant variants (15). Results from in vitro and in vivo studies have
suggested that combining DAAs with different modes of action
and nonoverlapping resistance profiles, such as NS5B or NS5A
polymerase inhibitors and NS3/4A PIs, could overcome these lim-

itations (16). The validity of this approach was demonstrated in
patients infected with HCV GT1 in a phase 1b study combining an
NS3/4A PI (danoprevir; RG7227) and a nucleoside NS5B RNA
polymerase inhibitor (mericitabine; RG7128) (17).

Deleobuvir (BI 207127) is a nonnucleoside inhibitor of HCV
NS5B RNA polymerase that reversibly and noncovalently binds to
thumb-pocket 1 (18). The median 50% effective concentration
(EC50) values in cell-based HCV subgenomic replicons are 23 nM
for GT1a and 11 nM for GT1b (19). In preclinical in vitro studies,
amino acid substitutions in the thumb-pocket 1 at key positions
P495, P496, and V499A were associated with decreased suscepti-
bility to deleobuvir but did not change sensitivity to other DAA
classes or to IFN-� (19). Similar observations have been reported
for other thumb-pocket 1 nonnucleoside NS5B inhibitors, show-
ing P495 and P496 substitutions selected in vitro at high concen-
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trations (10 times and 20 times the EC50) and V499 variants at low
concentrations (6 times the EC50) (16).

This article describes a phase 1b multiple rising-dose study to
assess the safety, pharmacokinetic (PK) parameters, and antiviral
effect of deleobuvir monotherapy for 5 days in patients with
chronic HCV GT1. TE patients were included because those with
prior failure of PegIFN-RBV are potential candidates for new
agents.

MATERIALS AND METHODS
Study design. TN or TE patients without cirrhosis or TE patients with
compensated cirrhosis were eligible. NS5B genotyping and phenotyping
were performed on individual clinical isolates at baseline and during the
study to investigate their sensitivity to deleobuvir.

Patients without cirrhosis were randomized to deleobuvir in a double-
blinded manner at rising doses of 100 mg, 200 mg, 400 mg, 800 mg, and
1,200 mg every 8 h (q8h) (n � 9 planned in each dosage group) or admin-
istered a matching placebo (randomization of 3:1 between active treat-
ment and placebo, so n � 3 planned to receive placebo in each dosage
group) for 5 days, with no stratification for TNs/TEs. Patients with cir-
rhosis received open-label deleobuvir at 400 mg q8h (n � 8) or 600 mg
(n � 5) q8h for 5 days; there was no placebo group for patients with
cirrhosis. The decision to proceed to the next dose level was based on
acceptable safety and tolerability of the current dose as determined by the
study sponsor’s data monitoring committee.

Patients. Eligible patients were male or female, aged 18 to 70 years,
with confirmed chronic HCV GT1 infection. Deleobuvir had shown ac-
tivity against HCV GT1a and GT1b in vitro; therefore, patients with either
subgenotype were eligible. All patients had an HCV RNA level � 100,000
IU/ml at screening. The TE group included previous null responders,
partial responders, and relapsers. The presence or absence of cirrhosis was
confirmed by liver biopsy or transient elastography (Fibroscan � 12.5
kPa). Patients were excluded if they had hepatitis B or human immuno-
deficiency virus coinfection, concurrent liver disease other than HCV,
past treatment with any experimental polymerase inhibitor, planned or
concurrent use of any other approved or investigational pharmacological
therapy, or current drug or alcohol abuse. Patients were also excluded if
they had hyperbilirubinemia, abnormal hematologic or laboratory values
at screening, or concurrent disease considered clinically significant by the
investigator. The study was carried out in accordance with the Declaration
of Helsinki and International Conference on Harmonization guidelines.
All patients gave written informed consent before participation.

Laboratory methods. (i) HCV RNA level. Plasma HCV RNA levels
were measured by the Roche Cobas TaqMan HPS (version 2) assay (linear
range, 25 to 390,000,000 IU/ml; lower limit of detection, approximately
10 to 20 IU/ml). Blood samples were taken for HCV RNA analysis 5 min
before the morning dose on each day of treatment. To measure the time
course of the initial response to deleobuvir and HCV RNA levels after
treatment, samples were also taken 2, 4, 8, 10, 16, and 18 h after the first
dose on day 1 and 2, 4, 8, 12, 16, 24, and 48 h after the last morning dose
of day 5. Samples were also taken on day 14 for posttreatment analysis.

(ii) Genotyping and NS5B sequencing. HCV genotype was deter-
mined using the INNO-LiPA (version 1) test at screening and confirmed
post hoc by NS5B region sequencing and phylogenetic analyses. Blood
samples were taken for NS5B genotyping at screening, baseline, and day 6
and day 14. Viral RNA was extracted as previously described (20) and
processed with HCV-specific primers to amplify the NS5B region. The
lower limit of detection of the reverse transcriptase PCR amplification
method restricted the analysis to samples with HCV RNA � 1,000 IU/ml.
NS5B sequences were determined by population sequencing (and clonal
sequencing on the cohort without cirrhosis who had �3 log10 HCV RNA
reductions during deleobuvir treatment) using BigDye Terminator (ver-
sion 3.1) and an ABI 3100 Genetic Analyzer (Applied Biosystems). An
NS5B subfragment (spanning codons 422 to 587) was cloned into a vec-
tor, and 80 to 95 transformed colonies were used to generate the clonal

sequences. All changes to the nucleotide sequences from reference
sequences for GT1a (GenBank accession no. AF009606) or GT1b
(GenBank accession no. AJ238799) were noted, with particular attention
paid to substitutions at 40 key NS5B amino acids known to confer resis-
tance to nonnucleoside and nucleoside NS5B inhibitors, including amino
acids 495, 496, and 499 (16, 21, 22).

(iii) NS5B phenotyping. The NS5B amplicons were ligated into HCV
replicon shuttle vectors containing a luciferase reporter gene to generate
NS5B chimeric replicons. The reconstituted plasmid DNA was used to
generate HCV subgenomic replicon RNA transcripts from this plasmid.
These were transfected into Huh-7.5 cells, and luciferase activity was mea-
sured as a marker for HCV RNA replication. Serial dilutions of inhibitor
were used to determine the EC50 for inhibition of HCV RNA replication.

(iv) PK analyses. Blood samples were taken for pharmacokinetic (PK)
analysis 5 min before the morning dose on each day of treatment. In
addition, samples were taken frequently for PK analysis on day 1 and day
5. Plasma levels of deleobuvir were determined by a high-performance
liquid chromatography, tandem mass spectrometry assay. PK parameters
were calculated using noncompartmental analysis.

Statistical analysis. The primary analysis was of the proportion of
patients who achieved a virologic response (VR), defined as a �1 log10

reduction from baseline in serum HCV RNA level at any time from the
start of administration to day 5. Secondary endpoints included PK param-
eters, safety assessments, and the time-dependent change in the HCV
RNA level from baseline to day 7. No formal hypothesis testing was
planned. Descriptive statistics were used to summarize the data.

RESULTS
Patient characteristics. In total, 60 patients without cirrhosis (15
TN patients and 45 TE patients) were randomized and treated
with deleobuvir or placebo; 13 patients with cirrhosis (12 TE pa-
tients and 1 TN patient enrolled by error but included in all anal-
yses) received open-label deleobuvir. Baseline HCV RNA levels
were similar across treatment groups. Some random variability
was observed between dose groups for other baseline characteris-
tics. Patients with cirrhosis tended to be older than those without
cirrhosis (Table 1).

HCV RNA level. In patients without cirrhosis, deleobuvir pro-
duced a dose-related reduction in the HCV RNA level (Table 2).
The VRs and changes in plasma HCV RNA levels were similar in
TN and TE patients without cirrhosis. In patients with cirrhosis,
the decrease in the HCV RNA level on day 5 was similar to that in
patients without cirrhosis receiving deleobuvir doses � 400 mg
(Table 2). The median HCV RNA level declined rapidly during the
first 24 h of treatment; at higher doses, there was a further slower
decrease during day 2, with a plateau thereafter (Fig. 1). Overall,
there was a greater decrease in the HCV RNA level in patients
infected with HCV GT1b than in patients infected with GT1a (Fig.
1). The mean maximum reduction in HCV RNA in patients with
HCV GT1b infection (�3 log10) was achieved at deleobuvir � 400
mg, and yet in GT1a-infected patients the reduction in HCV RNA
increased gradually with dose and did not exceed 3 log10 (Table 2).
No virologic breakthrough was observed during treatment at any
dose. The antiviral effect of deleobuvir persisted for at least 24 h
after the last drug intake. Thereafter, HCV RNA levels slowly re-
turned to baseline levels.

Virology. (i) In vitro susceptibility of HCV NS5B polymer-
ase. NS5B polymerases were phenotyped from 70 (30 GT1a and 40
GT1b) of the 73 patient baseline samples. Their susceptibilities to
deleobuvir were distributed over a 2 log10 range, with geometric
mean EC50 values of 26 nM for GT1a and 7.2 nM for GT1b (Table
3). These values were within a 2-fold range of the reference values
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for nonchimeric wild-type GT1a and GT1b isolates (23 nM and 11
nM, respectively). The geometric mean EC50 for IFN-�, used as a
control for the intrinsic variability of the assay, was 0.19 IU/ml for
both the GT1a and GT1b subtypes (Table 3).

By population sequencing, baseline variants at codon 421 were
detected in four patients with GT1a infection, one in each of the
200-mg, 400-mg (without cirrhosis), 800-mg, and 1,200-mg dose
groups and one with GT1b infection (placebo group). Baseline
variants at codon 499 were detected in 1 patient with GT1a (pla-
cebo group) and 13 patients with GT1b (3, 4, 4, and 2 patients in
the 100-mg, 200-mg, 800-mg, and placebo groups, respectively).
Mutations encoding amino acid substitutions at these positions
were associated with EC50 values that were higher than those seen
with other baseline samples from the same subtype (Table 4) as
determined in the in vitro phenotyping assay. Notably, no baseline
variants were detected at codon 495 or 496 by population se-
quencing.

(ii) Emergent NS5B variants. NS5B amino acid changes rela-
tive to the baseline sequence at the three key thumb-pocket 1
residues (495, 496, and 499) were detected in 9 GT1b-infected
patients in the deleobuvir treatment groups (Table 5). The pre-
dominant variants detected on day 6 encoded P495L or P495S
(Table 5). P495L decreased sensitivity to deleobuvir 120- to 310-
fold, and P495S decreased sensitivity 91-fold. V499A, a frequent
baseline polymorphism, emerged in 3 patients, including 1 also
with P495L variants and 1 with detection on day 14 but not day 6.
V499A emerged only once as a predominant variant in one patient
randomized to a low-dose group (200 mg) and decreased in vitro
sensitivity to deleobuvir 3-fold. A NS5B T389S variant emerged in
only one GT1a-infected patient in a low-dose group (400 mg
[without cirrhosis]) and conferred a 3.2-fold shift in deleobuvir
sensitivity. Substitutions at NS5B amino acid 389, a site proximal
to the thumb-pocket 1 domain, were not detected in preclinical

studies of BI 207127 (18) and have been shown to reduce sensitiv-
ity to benzimidazole-based pocket 1 inhibitors containing extra
substituents with closer proximity to T389 7- to 13-fold (23). Chi-
meric replicons with all of these NS5B variants remained sensitive
to IFN-� and to faldaprevir (data not shown).

(iii) Clonal sequence analysis. Samples with resistant variants
that emerged at position(s) 495, 496, or 499 were also assessed by
clonal sequence analysis at baseline, day 6, and day 14. In the two
patients with a single P495L variant detected by population se-
quencing at day 6, the proportion of clones encoding this variant
reached 72% (patient in the deleobuvir 400-mg group) and 100%
(patient in the deleobuvir 1,200-mg group) of clones at day 6 but
rapidly decreased to 0% and 5%, respectively, by day 14, with
concomitant outgrowth of wild-type P495 (Fig. 2). However, in
the latter patient, there was an increase in the levels of P495S (33%
of clones) and V499A (5% of clones) at day 14. In one GT1b-
infected patient (deleobuvir 200-mg group), V499A was detected
in 10% of clones at baseline, in 98% at day 6, and 78% at day 14.
Emergence of P496S variants was also detected in this patient (4%
of clones at day 6), although none remained by day 14.

Safety and tolerability. (i) Patients without cirrhosis. Of the
46 patients without cirrhosis who received deleobuvir, 27 (58.7%)
reported treatment-emergent adverse events (AEs); these were
considered related to study medication in 22 of 46 patients
(47.8%) (Table 6). The corresponding proportions in patients
treated with placebo were 4/14 (28.6%) and 3/14 (21.4%). Serious
or severe AEs were reported in three patients. One patient receiv-
ing the 800-mg dose developed moderate generalized erythema
with facial involvement, leading to discontinuation before the last
dose on day 5. This resolved within 2 days after discontinuation
(with antihistamine therapy). In one patient receiving the 400-mg
dose, deleobuvir was discontinued on day 3 due to apparent QT
prolongation, although subsequent reassessment at a central elec-
trocardiology laboratory indicated that this was not the case. One
patient in the deleobuvir 200-mg group experienced arterial hy-
potension (considered related to treatment) on day 1; this re-
solved the same day without additional therapy.

The most common categories of on-treatment AEs in patients
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TABLE 3 Susceptibility of baseline sample-derived NS5B chimeric
replicons to deleobuvir and interferon alfa

Parameter

Deleobuvir EC50 (nM) IFN-� EC50 (IU/ml)

GT1a
(n � 30)

GT1b
(n � 40)

GT1a
(n � 30)

GT1b
(n � 40)

Range 1.2–153 0.4–98 0.12–0.38 0.13–0.3
Geometric mean 26 7.2 0.19 0.19

TABLE 4 EC50 values for deleobuvir at baseline for amplicons with and
without mutations at codons 421 and 499

Amplicon variant n

EC50 (nM)

Geometric
mean Range Fold changed

GT1a, wild-type A421 27 22 1.2–118
GT1a, A421V 3a 127 115–150 5.8
GT1b, wild-type V499 28 4.3 0.4–31
GT1b, V499 variantsb 12c 24 6.7–98 5.6
GT1a, wild-type A499 29 27 1.2–153
GT1a, A499T 1 7.8 �1.5 0.3
a Excluding 1 patient (deleobuvir at 400 mg) whose sample did not replicate in vitro
and whose EC50 therefore could not be obtained.
b The V499 variants included 6 V499A, 5 V499T, and 1 V499I.
c Excluding 1 patient (deleobuvir at 200 mg) whose sample did not replicate in vitro and
whose EC50 therefore could not be obtained. One GT1b patient (placebo) who had
mutations A421V plus V499A at baseline but whose sample did replicate in vitro and
whose EC50 therefore could not be obtained is excluded.
d Wilcoxon rank-sum test for equality of mean baseline EC50 values for wild type
compared to variant: P � 0.002, 0.0001, and 0.3 for the data in rows 2, 4, and 6,
respectively.
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receiving deleobuvir were gastrointestinal (GI) disorders (43.5%
of patients [20/46]), nervous system disorders (21.7% [10/46],
including headache in 15.2% [7/46]), and skin/cutaneous tissue
disorders (17.4% [8/46]) (Table 6). These AEs were more com-
mon at higher deleobuvir doses. All GI and skin/subcutaneous
tissue disorders were considered mild to moderate, and all re-
solved. No patient discontinued because of nervous system or GI
AEs.

(ii) Patients with cirrhosis. AEs were reported in 15.4% (2/13)
of patients during screening and 69.2% (9/13) of patients during
treatment (Table 5). No deaths, severe AEs, or serious AEs were
reported. In one patient receiving the 400-mg dose, deleobuvir
was discontinued on day 1 because of apparent QT prolongation,

although subsequent reassessment at a central electrocardiology
laboratory indicated that the QT interval had been overestimated
at the trial site. The most common categories of AE were GI dis-
orders (30.8% of patients [4/13]) and nervous system disorders
(23.1% [3/13]). Skin/cutaneous tissue disorders were reported in
one patient. There was some indication that GI disorders were
dose related, although the numbers of patients were small.

(iii) Laboratory evaluations. Laboratory parameters did not
show any clinically relevant differences from baseline. There were
no signs of hepatic, renal, or hematologic toxicity (see Table S1 in
the supplemental material).

Pharmacokinetics. Substantial variability between patients in
PK parameters of deleobuvir was observed (with coefficients of

TABLE 5 Emerging NS5B variants at residues in the thumb-pocket 1 domain and fold change in deleobuvir susceptibility

Dose group Frequencya HCV genotype
NS5B amino acid
change EC50 fold changeb

Placebo (n � 14) 0/14
100 mg deleobuvir (n � 9) 0/9
200 mg deleobuvir (n � 9) 1/9 1b V499A 2.9
400 mg deleobuvir (n � 9) 2/9 1b P495[P/L] 310

1a T389S 3.2
800 mg deleobuvir (n � 9) 3/9 1b P495[Q/L] NA

1b P495S ND
1b P495S 91

1,200 mg deleobuvir (n � 10) 1/10 1b P495L 120
400 mg deleobuvir; patients with cirrhosis (n � 8) 1/8 1b V499[A/V]c 1.1
600 mg deleobuvir; patients with cirrhosis (n � 5) 2/5 1b P495[P/L], V499[A/V] 11

1b P495L 280
a The frequency is expressed as the number of patient samples with key amino acid changes relative to the baseline sequence. The data were obtained by population sequence
analysis.
b EC50 fold change relative to the baseline EC50 of the corresponding patient. NA, data not available (chimeric NS5B replicon did not replicate); ND, not determined.
c V499[A/V] was not detected at day 6 and was detected only on day 14.
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variation � 60%). Mean plasma concentrations of deleobuvir de-
creased to below 1% of the maximum concentration within 40 h
after last drug intake. The terminal elimination half-life values for
deleobuvir were 3.7 to 5.3 h and 5.9 to 6.0 h in patients with and
without cirrhosis, respectively (Table 7). Steady-state plasma con-
centrations of deleobuvir were reached by 24 h postdose at all dose
levels. In patients without cirrhosis, plasma levels of deleobuvir
exhibited supraproportional PK parameters at the steady state at
doses � 400 mg.

For patients with cirrhosis, plasma exposure of deleobuvir at
the steady state was approximately 2-fold higher and clearance
approximately 50% lower than in patients without cirrhosis at the
same dose (400 mg q8h) (Table 7).

Pharmacokinetic/pharmacodynamic relationship. To exam-
ine the relationship between deleobuvir plasma exposure and an-
tiviral effect, PK parameters were plotted against HCV RNA re-
ductions for all dose groups. The drop in the HCV RNA level at 24
h was loosely correlated (r2 � 0.55) with the deleobuvir trough
plasma concentration at the steady state (Cmin,ss) (Fig. 3A). The
inhibitory quotient (the ratio between the individual deleobuvir
Cmin,ss values and phenotypically derived deleobuvir EC50 values
for the corresponding baseline viral isolate), which is a widely used

pharmacological parameter of antiviral activity (24), had an im-
proved correlation (r2 � 0.75) (Fig. 3B).

DISCUSSION

Deleobuvir, a nonnucleoside inhibitor of HCV replication, elic-
ited a steep, dose-related decline in plasma HCV RNA levels in
HCV-infected patients with or without cirrhosis. Deleobuvir was
more potent against GT1b than against GT1a in terms of EC50

values and reductions in HCV RNA levels. Thus, selective drug
pressure was lower against GT1a virus, which may have reduced
the emergence of variants in the NS5B thumb-pocket 1 binding
site in this subtype. Differences between GT1 subtypes in their
sensitivity to NS5B thumb-pocket 1 inhibitors have been de-
scribed previously (25). They are in part due to the subtype-spe-
cific polymorphism at amino acid 499 —predominantly valine in
GT1b and alanine in GT1a. Differences between GT1a and GT1b
in antiviral efficacy and resistance have been observed for many
HCV antiviral drugs (26–28).

Resistance-associated variants (RAVs) emerged less com-
monly during monotherapy with deleobuvir than had been pre-
viously reported for nonnucleoside analogs targeting other sites
on the NS5B polymerase (16, 29). Half of the RAVs were at

TABLE 6 Adverse events occurring overall and in �1 patient in any deleobuvir dosage group

AE

No. (%) of patients with indicated treatment and AE(s)

Without cirrhosis With cirrhosis

Placebo
(n � 14)

100 mg
deleobuvir
(n � 9)

200 mg
deleobuvir
(n � 9)

400 mg
deleobuvir
(n � 9)

800 mg
deleobuvir
(n � 9)

1,200 mg
deleobuvir
(n � 10)

400 mg
deleobuvir
(n � 8)a

600 mg
deleobuvir
(n � 5)

Total 4 (28.6) 2 (22.2) 3 (33.3) 7 (77.8) 6 (66.7) 9 (90.0) 5 (62.5) 4 (80.0)
GI disorder(s)b 2 (14.3) 2 (22.2) 2 (22.2) 5 (55.6) 3 (33.3) 8 (80.0) 1 (12.5) 3 (60.0)
Nervous system disorder(s)c 3 (21.4) 1 (11.1) 2 (22.2) 0 (0.0) 2 (22.2) 5 (50.0) 2 (25.0) 1 (20.0)
Skin/subcutaneousd 0 (0.0) 0 (0.0) 0 (0.0) 1 (11.1) 2 (22.2) 5 (50.0) 0 (0.0) 1 (20.0)
Generale 1 (7.1) 0 (0.0) 0 (0.0) 3 (33.3) 1 (11.1) 4 (40.0) 1 (12.5) 2 (40.0)

a Includes one treatment-naive patient.
b Included nausea, diarrhea, flatulence, and vomiting.
c Included headache, hyperesthesia, and paresthesia.
d Included erythema and rash.
e Included fatigue, pain, gait disturbance, influenza-type illness, and irritability.

TABLE 7 Selected PK parameters of deleobuvir at the steady state

Parametera

Values for patients without cirrhosis treated with:
Values for patients with
cirrhosis treated with:

100 mg
deleobuvir
(n � 9)

200 mg
deleobuvir
(n � 9)

400 mg
deleobuvir
(n � 8)

800 mg
deleobuvir
(n � 7�8)

1,200 mg
deleobuvir
(n � 10)

400 mg
deleobuvir
(n � 7–8)b

600 mg
deleobuvir
(n � 5)

Geometric mean (% CV)
AUC�,ss, ng · h/ml 1,930 (79.0) 4,130 (79.1) 17,900 (37.1) 43,500 (118) 88,500 (83.3) 36,800 (82.7) 86,400 (78.1)
AUC�,ss/dose, ng · h/ml/mg 19.3 (79.0) 20.7 (79.1) 44.8 (37.1) 54.4 (118) 73.7 (83.3) 92.1 (82.7) 144 (78.1)
Cmax,ss, ng/ml 391 (67.8) 910 (80.3) 3,780 (46.3) 9,030 (103) 16,500 (66.7) 6,780 (76.7) 15,400 (80.4)
Cmax,ss/dose, ng/ml/mg 3.91 (67.8) 4.55 (80.3) 9.45 (46.3) 11.3 (103) 13.8 (66.7) 17.0 (76.7) 25.6 (80.4)
Cmin,ss, ng/ml 109 (98.5) 201 (90.9) 1,150 (65.9) 2,100 (247) 6,630 (118) 2,340 (110) 6,920 (93.9)
Clearance, ml/min 865 (79.0) 806 (79.1) 372 (37.1) 319 (132) 226 (83.3) 181 (82.7) 116 (78.1)
Median (min, max)
tmax,ss, h 2.0 (1.0, 4.0) 4.0 (1.0, 6.0) 2.5 (1.0, 4.0) 4.0 (2.0, 4.0) 4.1 (1.0, 6.3) 4.0 (1.0, 4.0) 4.0 (0.5, 4.0)
t1/2,ss, h 3.7 (2.6, 7.1) 3.8 (2.2, 6.2) 5.3 (3.7, 6.3) 4.5 (2.5, 6.0) 4.8 (4.2, 5.9) 5.9 (3.3, 8.0) 6.0 (5.6, 6.3)
a AUC�,ss, area under the plasma concentration-time curve at the steady state; Cmax,ss, maximum plasma concentration at the steady state; Cmin,ss, minimum plasma concentration
at the steady state; CV, coefficient of variance; tmax,ss, time to maximum plasma concentration at the steady state; t1/2,ss, plasma half-life at the steady state; �, dosing interval (8 h).
b Some values include data from one treatment-naive patient.
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thumb-pocket 1 position 495; the large decreases in susceptibility
to deleobuvir conferred by substitutions at this position are con-
sistent with in vitro observations from studies of other nonnucleo-
side HCV NS5B thumb-pocket 1 inhibitors (16) and deleobuvir.
The marked reduction in levels of P495L variants during fol-
low-up without selective drug pressure and the low frequency of
RAVs at position 496 (4% of clones in a single patient) suggest a
lower fitness for P496 variants than for the wild type. This finding,
coupled with the low fold changes in sensitivity associated with
several substitutions that confer resistance to other NS5B poly-
merase inhibitors, suggests that deleobuvir may have an enhanced
barrier to resistance compared with other members of this class.
Importantly, RAVs that emerged in this trial were different from
those reported with NS3/4A PIs (30, 31), reflecting their nonover-
lapping resistance profiles.

PK assessments demonstrated supraproportional plasma ex-
posure and progressive reductions in clearance with increasing
dose of deleobuvir. At deleobuvir doses of �400 mg, the median
reduction in HCV RNA levels appeared to reach a maximum in
GT1b-infected patients but continued to gradually increase with
dose in GT1a-infected patients. One explanation is that the reduc-
tion in viral load reached the maximum attainable in patients
infected with GT1b, which is more sensitive to the drug, but
higher doses would have been needed to reach this plateau for
GT1a infection. Comparisons between groups should be made
with caution because of the large variability in drug exposure lev-
els, the small sample sizes, and, possibly, the differences between
groups in baseline characteristics. Deleobuvir exposure was higher
in patients with cirrhosis than in those without cirrhosis and, in
both cases, higher than in healthy volunteers, in whom plasma
exposure to deleobuvir is dose proportional (unpublished find-
ings). These observations suggest a saturation of physiological

clearance mechanisms at higher doses and reduced clearance of
the drug in the presence of hepatic impairment.

Deleobuvir was generally well tolerated, and rates of discontinua-
tion due to AEs were low. The most common types of event (mild to
moderate GI, nervous system, and skin/subcutaneous reactions) have
also been reported with PIs (7, 10, 12, 20, 30, 32, 33) and with other
NS5B polymerase inhibitors under development (alone or in combi-
nation regimens) (34–37). Baseline and follow-up electrocardio-
graphs revealed no clinically relevant findings.

The potency and resistance profile of deleobuvir in this study
support its combination with other DAAs, such as an NS3/4A PI,
as part of an IFN-free regimen. This could increase efficacy against
HCV by inhibition of multiple steps in the viral replication cycle,
suppress the emergence of resistant variants, and facilitate HCV
treatment by all-oral regimens without the inconvenience and ad-
verse effects of PegIFN.

IFN-free regimens combining deleobuvir with faldaprevir,
with or without RBV, have shown promising results in TN pa-
tients in a phase 1b study (38) and in a phase 2b study that in-
cluded patients with compensated cirrhosis (37). Despite the
short terminal elimination half-lives in the present study, the lat-
ter trial indicated that twice-daily dosing of deleobuvir is effective
when combined with faldaprevir and RBV (37).
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